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. Optical characteristics indicate that the shards are almost entirely isotropic glass with little devitrification. Typical flat, crescent, forked, or spindle-shaped shards constitute 11.2% to 30.9% of the pottery by volume and average 18.3% in the eight samples (Table 1) .
Additional fragments of undoubted volcanic origin are also present. Small pumice fragments up to .5 mm long (Figure 2c ) occur on occasion, and small fragments of indurated ash (tuff) are even more common. Rounded tuff fragments (Figure 2d ) up to .6 mm in length constitute from .6% to 9.9% of ash-bearing sherds and average 4.8%. A few sherds also contained fragments of exceedingly fine-grained materials that could be intensely altered tuff fragments. Since they cannot reliably be distinguished from fragments of nonvolcanic origin, they have been considered separately. They never amounted to more than 6.0% of the total sherd volume in any sample.
The volcanic nature of the ash shards in the potsherds is demonstrated by comparison of these shards with similar materials in volcanic tuffs (Figure 3) . Flat, arcuate, forked, or spindle-shaped glass shards are abundant in both the welded tuff (Figure 3b ) and the air-fall tuff (Figure 3a) . These shapes are nearly identical to shard textures noted in the Dzibilchaltun and Chichen Itza sherds. In addition, larger fragments of vesicular glass in the air-fall tuff are very much like the small pumice fragments shown in the potsherds (Figure 2c) . Several minor differences are observed between known ash samples and the ash temper in the potsherds, but they do not detract from the conclusions. The glass shards in the two tuff samples (Figure 3 ) are considerably larger than those in the potsherds. This only indicates that ash used in the pottery was either initially finer grained or was ground prior to use. The other slight difference between known tuffs and volcanic components in the potsherds is the proportion of phenocrysts (large crystals) and accidental rock fragments. Tuffs in Figure 3  contain Finally, Brainerd notes that Puuc "Thin Redware" shares most ceramic characters of slip, shape, and decoration with Thin Slate ware, yet the former is normally ash tempered, while the latter typically uses calcite (Brainerd 1958:28).At Uxmal, all the Thin Slate ware shapes are tempered with saccharoidal calcite, yet at nearby Kabah, about one-third of the round-side bowls employ volcanic ash (Smith 1971: Table 42 ). At Dzibilchaltun, Simmons has noted small percentages of ash-tempered sherds in all shapes in Thin Slate ware, and Brainerd found the ware to be largely ash tempered at Sayil and Labna (1958:22).
The presence of ash temper at some sites and its absence in the same wares at others, as well as the strong tendency for some shapes (or even rim modes) within a ware to be associated with only one type of temper can mean only that local northern potters utilized different ingredients in manufacturing vessels within ware traditions shared throughout the region. It seems likely to us that if finished vessels were imported from some foreign source, specific wares and vessel shapes would be consistently associated no matter where found.
It seems clear, then, that the volcanic ash used by these potters must have been imported in bulk, since it is highly improbable that they used multiple local sources. Furthermore, since the ash from the relatively close Maya mountains is quite different in character, we must look to more distant regions. The distribution of sites with ash-tempered ceramics and obsidian suggests that two or more sources in the southern Maya highlands were involved.
DISTRIBUTION OF ASH-TEMPERED CERAMICS
Our survey of Lowland Maya sites associated with ash-tempered ceramics is incomplete for at least two reasons. Either available site reports omitted temper designations, or the archaeologist identified temper with a 10-power hand lens. It is our experience that ash cannot be identified with certainty at this low magnification. Even so, when a description of paste texture suggests the presence of ash, we include the site with appropriate comment.
Sampling error presents a serious problem in assessing the sources of the ash in sherds that were thin-sectioned. Only a relative handful of sherds were available for anlaysis, and except for Dzibilchaltun, no site is represented by more than two thin sections. Given the minuscule sample size, it is very difficult to know if separate sources are indicated for ash of somewhat different mineral content or structural composition. Furthermore, we have no way of knowing the range of textures and particle sizes in potential ash sources so as to evaluate differences in those attributes between sherds. We are aware of these serious limitations, and we present the results while admitting the extremely tentative character of the conclusions. Thompson 1939 Thompson , 1940 Gifford 1976) , and a poor quality, phenocryst-rich ash is even utilized in the unslipped pottery at Uaxactun (Shepard 1964:250) . In the Terminal Classic, the use of ash drops considerably, although some may be imported as late as Postclassic times.
In the remainder of the Peten, ash-tempered ceramics are conspicuous by their absence, although this may simply be an accident of our sampling. We cannot say how far to the north of Uaxactun ash temper may occur, but except for rare imports, it does not appear as far north as Becan (Ball 1977 The Late Classic situation in the north is quite complex and seems to demand more than two trading organizations. When one notes the Peten-style calendrics and architecture at Coba, it is reasonable to suppose that the suppliers of ash to the Peten may deliver ash to eastern Yucatan as well. In contrast to the uniform character of the ash in other northern sites, that at Coba exhibits variation, as does ash at Uaxactun (Shepard 1964:251) . It may be that a single supplier is utilizing ash from several beds, but it is possible that both sites are in areas of "market overlap" of com. peting sources, as with obsidian at Uaxactun (Hammond 1972 (Hammond :1093 . Whichever the case, there is little probability that suppliers to the eastern Yucatan sites also supply those in the northwest.
During the Late Classic in the northwest, prior to the rise of the Puuc sites, Dzibilchaltun appears to be the only large site with abundant ash-tempered ceramics. Other sites in the region with lesser amounts either received pottery manufactured near Dzibilchaltun or had more restricted access to the traders. To the west of Dzibilchaltun, coastal Campeche sites exhibit a coarse variety ash, but Oxkintok, a large and geographically intermediate site, has no ashtempered ceramics, nor do inland sites farther south in Campeche. With the rise of the ash-using Puuc sites in the Terminal Classic, the coarse ash disappears from the Campeche coast. We are still uncertain whether ash ever appears in any quantity in the inland Campeche sites.
The apparently exclusive access of Dzibilchaltun to fine-quality ash in the Late Classic implies a politico-economic barrier of some sort between Dzibilchaltun and Oxkintok and the inland Campeche sites. It could be argued that ash was shipped by boat to the Chetumal area, and then carried overland by the Bacalar-Merida trail skirting the eastern margin of the Puuc Hills (Hauck 1975:49) , which would be a physical barrier to distribution farther west. This route would also help explain the appearance of quantities of ash-tempered ceramics at the inland Puuc sites which develop in the Terminal Classic, while the ash was still lacking in Campeche. The major argument against an overland route is that the immense quantities of ash involved are only economically transportable by water (cf. Rathje 1975:433). Of necessity, then, we must look to the coast north of Dzibilchaltun, where canoes bearing ash from the highlands would have landed. During the Postclassic, Chichen Itza absorbed nearly all the ash previously delivered to Dzibilchaltun and the Puuc sites. A. P. Andrews (1978) thinks Chichen Itza rose to power by usurping control of all the northern salt fields, which suggests that the bulk carriers of ash may have loaded up with salt for their continued journey. Considering the proximity of Dzibilchaltun to the northwestern salt fields, the same ash-salt relationship may explain Dzibilchaltun's exclusive access to ash in that region in much earlier times.
The oddly coarse-textured ash of the Late Classic Campeche coast sites was also undoubtedly ship-borne, but probably not all the way from Honduras. Its association with a Fine Orange variant, and thus the Putun traders, suggests possible connections with the Aguacatal or Trinidad ash, which may derive ultimately from El Chayal or the Alta Verapaz. It is impossible to say more without comparing actual petrographic samples from these southern sites, but it should be
